IMPORTANCE Contact allergy to methylisothiazolinone (MI) or to the combined formulation of methylchloroisothiazolinone and MI (MCI-MI) has increased significantly, with a frequency of as much as 11.1% in patients with dermatitis; however, few cohort studies in the US population have been reported. 
1
The combination of MCI and MI is also used in cosmetic products, and MI alone was approved for use in personal health care products in 2005 at a maximum concentration of 100 ppm. [1] [2] [3] These preservatives can be found in more than 1000 cosmetic products, including baby lotions, bath products, makeup, hair care products, deodorants, skin care products, and sunscreens.
2 Patients can become sensitized and develop allergic contact dermatitis (ACD) to these preservatives. Several studies have shown that MCI is a more potent sensitizer than MI.
2,4,5 Subsequent studies of human patch test results 5 indicated that concentrations of MI of as much as 600 ppm did not cause dermal sensitization. However, in 2013, Macias et al 6 evaluated 751 patients, of whom 15 were allergic to MCI-MI at 100 ppm and available for repeated testing with MCI-MI at 100 ppm, MI at 200 ppm, and personal health care products. They reported that 7 patients were sensitized to MI at 200 ppm; 6 of these had an equally positive reaction to MCI-MI and MI, and 1 had a stronger reaction to MI. 6 Isaksson et al 7 also reported that of 9 patients allergic to MCI-MI at a concentration of 100 ppm on patch testing, 6 had a positive repeated open application test (ROAT) result to MI alone at a concentration of 1000 ppm and 6 had a positive ROAT result to an MI-containing cream at 100 ppm, likely owing to cross-reactivity between the two preservatives. In addition, a retrospective study 8 found that the proportion of MI-allergic patients among those reacting to MCI-MI increased from 43% to 59% from 2009 through 2011, which indicates that widespread consumer exposure has led to the increase in primary sensitization to MI and in turn has led to a rise in MCI-MI cross-reactions. Subsequently, an increasing number of published cases of ACD have been described, especially since 2009, when MCI-MI was added to the European baseline patch test series. 1 This rise is owing in part to increasing exposure to MI alone, which is present in concentrations approaching 100 ppm in leave-on and rinse-off cosmetics. 1 The rising incidence of contact allergy cannot be explained by MCI-MI exposure via cosmetics; rather, the rise is due to increasing exposure to MI. 2 The diagnosis of MI contact allergy was often missed because the concentration of MI in MCI-MI was too low to identify all patients with an allergy.
9
An estimated 40% of patients with a contact allergy to MI alone were not detected with testing for MCI-MI. The concentration of MI in the series increased after 2013. A total of 703 patients were included. Positive reactions were defined as 1 or greater (of a possible 1+ to 3+) at the first reading (2-3 days after patches were applied) or at the final reading (4-7 days). This study was deemed exempt by the institutional review board of the Cleveland Clinic under the program for the protection of human subjects participating in research. 17 Patient data were deidentified.
All patients with a positive patch test reaction to MI, MCI-MI, or both were included in this study. Patients were diagnosed as having ACD according to clinical history, results of a physical examination, and relevant positive patch test reactions. Demographic information for each patient was collected and analyzed. Follow-up information regarding the extent of clearing of dermatitis was gathered when available. All follow-up until November 30, 2014, was included in the analysis, as mentioned above in the abstract. Not all patients required follow-up.
Data were analyzed from December 1, 2014, through January 31, 2015. For the description of the demographic characteristics of patients tested, we used the MOAHLFA index (male, occupational dermatitis, atopic dermatitis, hand dermatitis, leg dermatitis, face dermatitis, and age ≥40 years).
18 Frequencies of sensitization (percentage of patients undergoing testing) were calculated as crude proportions. The commercially available statistical software package SAS (version 9.4; SAS Institute Inc) was used for data management and analysis.
Diseases, Ninth Revision a total of 38 059 times, which includes the same patients billed more than once for 2 or more visits for the same skin condition. Seven hundred seventy-eight patients were referred for patch testing; consultation visits before patch testing were not required. Eighty-one patients failed to attend the scheduled visit, of whom 6 later rescheduled and underwent testing. Reasons for failure to attend included changes to the patient's insurance coverage, the co-payment amount, resolution of the dermatitis, inability to miss work for 3 visits, a change of job or residence, and chronic missing of appointments to dermatology and other departments. Seven hundred three patients were included in this study. Mean age was 49.4 (range, 3-95) years, with 495 female patients (70.4%). Of the 703 patients, 57 (8.1%) had positive patch test reactions to MCI-MI and/or MI.
The demographic characteristics of the patients with positive patch test reactions are described by relative proportion using the MOAHLFA index ( Table 1) . These characteristics differed slightly among those with positive patch test reactions to MI alone (35 patients), to MCI-MI alone (5 patients), and to both (17 patient). Prevalences of positive reactions for men ranged from 10 of 35 patients (18%) to MI and MCI-MI to 3 of 5 patients (60%) to MCI-MI alone; for occupational dermatitis, from 0 of 5 patients to MCI-MI to 3 of 35 patients (9%) to MI alone; for atopic dermatitis, from 1 of 5 patients (20%) to MCI-MI alone to 7 of 17 patients (41%) to MI and MCI-MI; for hand dermatitis, from 0 of 5 patients to MCI-MI alone to 17 of 35 patients (49%) to MI alone; for leg dermatitis, from 0 of 5 patients to MCI-MI alone to 3 of 17 patients (18%) to MI and MCI-MI; for face dermatitis, from 1 of 5 patients (20%) to MCI-MI alone to 7 of 17 patients (41%) to MI and MCI-MI; and for age of at least 40 years, from 7 of 35 patients (20%) to MI alone to 3 of 5 patients (60%) to MCI-MI alone. Mean duration of dermatitis was 28 months. Table 2 identifies patients who reacted to MI, MCI-MI, or both allergens, and Table 3 lists the most common sites of dermatitis. We found no significant difference in reaction pattern based on sex (χ 2 = 3.44; P = .18), occupational dermatitis (χ 2 = 0.57; P = .75), atopic dermatitis (χ 2 = 0.81; P = .67), leg dermatitis (χ 2 = 1.00; P = .61), face dermatitis (χ 2 = 1.18; P = .55), and age (χ 2 = 3.73; P = .15). Those with hand dermatitis were significantly more likely to have a positive patch test reaction to MI alone than were those with a positive reaction to MCI-MI alone or to both allergens (χ 2 = 6.28; P = .04).
Four patients (7%) had occupational contact dermatitis with relevant allergies to MI or MCI-MI. Their occupations were masseuse, salon owner, hairdresser, and daycare worker. These preservatives were found in shampoos, lotions, and wet wipes used at work.
In addition, 40 patients (70%) identified MI or MCI-MI in personal health care products, most commonly in wet wipes (Figure) , shampoos, and detergents. Twenty-three patients (40%) had a follow-up of at least 1 month (range, 1-9 months). Seventeen of these patients (74%) experienced clearance or near clearance with allergen avoidance. One patient required prednisone and allergen avoidance to clear his contact dermatitis. 
Discussion
We report a prevalence of contact allergy to MI, MCI-MI, or both of 8.1%. Our patient cohort had a sensitization rate to MI alone that increased from 6 of 236 patients (2.5%) in 2012 to 13 of 232 patients (5.6%) in 2013 and 16 of 235 patients (6.8%) in 2014, which we believe is caused by increased detection. Our test concentration of MI increased from 200 to 2000 ppm in January 2013 and likely contributed significantly to the increased allergy detection rate. Allergy to MCI-MI alone in 2012, 2013, and 2014 was found in 0 of 236 patients, 3 of 232 patients (1.3%), and 2 of 235 patients (0.9%), respectively; and allergy to MI and MCI-MI during the same period was found in 4 of 236 patients (1.7%), 11 of 232 patients (4.7%), and 2 of 235 patients (0.9%), respectively. Thirty-five patients reacted to MI only, 5 reacted to MCI-MI only, and 17 reacted to MI and MCI/MI. Three of the 5 patients who reacted to MCI-MI only (60%) were children. The most common sites of involvement included the face and hands, and several patients also had disseminated dermatitis, as detailed in Table 3 . As many as two-thirds of our patients with sensitization to MI would have been missed if they underwent testing for MCI-MI alone. Of the 5 patients who reacted only to MCI-MI, 3 were children who did not undergo patch testing to MI alone. Our findings agree with the increasing prevalence of MI allergy reported from Europe.
10,12,13 Identification of contact allergy to MCI-MI and MI is crucial given the widespread use of these preservatives in cosmetic and industrial products. Of the 6 patients who did not report improvement in skin disease after allergen avoidance, contact allergy to other components of personal health care or industrial products as the offending agents should be considered. In 2011, Lundov and colleagues 2 reported that MI contact allergy had a prevalence of 1.5% and that only 1% of cosmetics were preserved with MI. Three years later, a study of Belgian patients 13 indicated that sensitization rates to MI had increased from 6% in 2012 to 7.2% in 2013. Similarly, the rate of contact allergy to MCI-MI had increased to 4.5% by 2012. testing studies have shown that the risk for primary sensitization to MCI-MI after exposure in concentrations of up to 15 ppm in rinse-off products is negligible; in addition, elicitation of ACD is rare after exposure to these rinse-off products. 24 The European Commission believes that concentrations of MI at 3.8 ppm in leave-on products and 15 ppm in rinse-off products is acceptable. 25 In the United States, the Cosmetic Ingredient Review panel currently recommends MCI-MI concentration limits at 7.5 ppm in leave-on products and 15 ppm in rinse-off products. 26 The maximum allowable concentration of MI alone in rinse-off products has not been changed at 100 ppm; however, that the number of incident cases in the United Kingdom continues to rise although exposure is mainly via rinse-off products. Martin-Gorgojo and colleagues 29 also studied 46 patients with positive patch test reactions to MI and found that those sensitized to MI or MCI-MI had significantly higher odds of polysensitization to 3 or more unrelated allergens. Given the overwhelming evidence that MI is a significant contact allergen, the continued use of this preservative in household, consumer, and industrial products is extremely concerning. Even more stringent regulations, especially from regulatory agencies in the United States, will further positively affect the quality of life for many patients with ACD and are needed for public safety.
Conclusions
The increasing prevalence of contact allergy to MI alone supports its addition to the standard series to identify cases missed by testing for MCI-MI only. Recent regulations by the European Commission have banned MCI-MI in all leave-on body products. Currently recommended US regulations are less stringent; however, US regulatory agencies must act to ensure patient safety.
